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[57] ABSTRACT

A double-scanning non-interlace television receiver
with a vertical aperture correction circuit for receiving
an interlace television signal having alternating odd and
even flelds of scanned lines which are interlaced, as
displayed, comprises a receiver circuit which receives
the interlace television signal and which generates inter-
lace scanning line signals for each of the fields, a visual
display apparatus, a non-interlace converting circuit
which converts the interlace scanning line signals for
each of the fields to non-interlace scanning line signals
which are displayed on the visual display apparatus,
with each of the scanned lines being scanned twice, and
a high frequency emphasizing circuit which emphasizes
the high frequency components of the interlace scan-
ning line signals.

23 Claims, 20 Drawing Figures

/7

A NDO/S

ACCES S S

ATEASCR Y W
/
r &
C 79
~H

/8
= /5 0 /6




- U.S. Patent Jun. 18,1985 Sheet 1 of 4 4,524,379

F1G./

FPRIOR ART

. FIG.2a FIG.2b FIG2c FIG.2d

PRIOR ART ~ PRIOR ART  PRIOR ART PRIOR ART




- U.S.Patent Jun. 18,1985  Sheet2of4 4,524,379

N
W
/
T »
RAND OM C 79
ACCESS H
NEMORY Vol
_ 7 . Y <
| FrEQUENCY Ny (7
L/ 7D/ |
R T ' O

SNC S/GMAL

SE L A7/
Cecer

/3

HORIZONTAL
SINVC
SIGNA L

A EATOL Y
oAr7T 27




U.S. Patent  Jun. 18, 1985 Sheet30of4 4,524,379

Fl1G.6

DEFLECIT/NG
CIRC T

22 Z5
INTERNMEDIAT WDEQ
TUNER FRRELUENCY DETECTING
AMAPL/FIE R Crecer7
2 4 | | N CHLoNTA
CHROMA ANVD DEMODULATING] | M
NON-IVTERLACE L AT AN CE CIe0L)) 7 A
COVYVERT/ING - s
Cr i T Sj;jgj; - HIGH FREQUENCY R -
- N EMPHASIZING /
o ' crecerr | crmecwrr X
SNC SI6MAL | | i VERTICAL 28 <7 29
SELPACATING 3 DEFLECTING
LT o CrRCer7 3
o ' HORIZONT AL

TAR VIR VALV IR VIRV

X .
X

FIG.7a FIG.7b FIG7e FIG.7d




U.S. Patent Jun. 18,1985  Sheetdof4 4,524,379

FIG.8

IN7ERMEDIATE VIDED
TUNER FREGUENCY DETECTING
20 2 7 | AA7FL/IA~A/ELR - IR CY! T
- 24c NON-/INTERLACE CHRO/vI.4

| Rorrs AND
| LA INANCE
S/GNAL

SELGRA 7/NG
Crece /7

C/IRCUIT

SYnC

S/GNAL
SELIRATING

| crecerr

30

. FIG.9aq

CONVERT/ING

CrRCLr7 |
I HIGH FREQUENCY I
LEMPHASIZ/IXNG

DEMODULATING | M

CIRCUIT

CONVER T /NG
C/oCces7”

- L4y

33

r
Pl

NON- INTER: ACE

z6 27
sl —
.

527N

3/ |

4
E
/

VERLT/C AL
DEFLECTING
C/IRCE 7

29

ORI ZONTAL

DEFLECT/ING
CrRCLI7

" 34

FIG.9b FIG9¢c FIG.9d



4,524,379

1

DOUBLE-SCANNING NON-INTERLACE
TELEVISION RECEIVER WITH VERTICAL
APERTURE CORRECTION CIRCUIT

CROSS-REFERENCES TO RELATED
APPLICATIONS

Reference is made to copending applications Ser.
Nos. 439,206, and 440,985, assigned to the assignee of
the present application, and containing related subject
matter.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to non-interlace television re-
ceivers, and more particularly, to a double-scanning
non-interlace television receiver with a vertical aper-
ture correction circuit.

2. Description of the Prior Art

Present television systems, such as the NTSC system,
employ an interlace scanning line method in which one
picture or frame is comprised of two interlaced fields of
scanned lines. The interlace system was developed to
increase the number of scanning lines as much as possi-
ble in order to reduce undesirable flicker in the picture
and yet remain within the limited frequency band avail-
able for transmission.

One suggested apparatus for improving the sharpness
of a television picture uses a delay circuit for one hori-
zontal period of a scanning line to emphasize, in a verti-
cal direction, the high frequency components of the
video signal to be displayed.

When a video signal which is displayed as a vertical
line having a significant change between two adjacent
points 1n the level or brightness thereof is emphasized
by such a high frequency emphasizing circuit, the video
signal so emphasized has a preshoot at the point before
the change in level, where the level is under-empha-
sized, and an overshoot at the point after the change in
level, where the level is over-emphasized. It is to be
appreciated that the two points between which the
change in level or brightness occurs are positioned on
successive horizontal scanning lines. In an interlace
scanning system, both video signals for the two fields of
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scanning lines are emphasized, so that each level corre- 45

sponding to the preshoot and overshoot is displayed on
two lines. It is preferable for maximum picture sharp-
ness that each level corresponding to the preshoot and
overshoot be displayed on one line, however.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is an object of the present invention
to provide a double-scanning non-interlace television
receiver with a vertical aperture correction circuit
which can eliminate the above-described defects of
conventional television receivers.

It 1s another object of the present invention to pro-
vide a double-scanning non-interlace television receiver
with a vertical aperture correction circuit which can
improve the sharpness of a television picture.

In accord with an aspect of the present invention, a
double-scanning non-interlace television receiver for
recelving an interlace television signal having alternat-
ing odd and even fields of scanned lines which are inter-
laced, as displayed, comprises receiver means for re-
ceiving the interlace television signal and for generating
interlace scanning line signals from each field, visual
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display means, non-interlace converting means for con-
verting the interlaced scanning line signals for each of
the fields to non-interlace scanning line signals for dis-
play on the visual display means, with each of the
scanned hnes being scanned twice, and means for em-
phasizing the high frequency components of the inter-
lace scanning line signals. |

The above, and other objects, features and advan-
tages of the present invention will be apparent from the
following detailed description of illustrative embodi-
ments thereof which is to be read in connection with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a prior art cir-
cuit for emphasizing the high frequency components of
a television signal in order to improve the sharpness of
a picture derived therefrom:

FIGS. 2a to 2d are waveform diagrams illustrating
the operation of the circuit of FIG. 1;

FIG. 3 is a block diagram illustrating a non-interlace
converting circuit which converts a video signal for an
interlace television system to a video signal for a non-
interlace television system;

FIGS. 44 to 4c¢ are timing charts illustrating the oper-
ation of the non-interlace converting circuit of FIG. 3:

FIG. 5 1s a diagram illustrating the non-interlace
television picture displayed by an embodiment of the
present invention;

FIG. 6 is a block diagram illustrating one embodi-
ment of a double-scanning non-interlace television re-
ceiver with a vertical aperture correction circuit in
accord with the present invention;

FIGS. 7a to 7d are waveform diagrams illustrating
the operation of the television receiver of FIG. 6;

FIG. 8 is a block diagram illustrating an alternate
embodiment of a double-scanning non-interlace televi-
ston receiver with a vertical aperture correction circuit
in accord with the present invention; and

FIGS. 92 to 94 are waveform diagrams illustrating
the operation of the television receiver of FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

F1G. 1 illustrates a prior art circuit for emphasizing,
in a vertical direction, the high frequency components
of a video signal. A luminance signal from a luminance
signal and chroma signal separating circuit (not shown)
is supplied to an input terminal 1 and thence, to a pair of
delay circuits 2, 3 connected in series. Each delay cir-
cuit 2, 3 delays the luminance signal for one horizontal
period. The luminance signal is also supplied to a multi-
plying circuit 5 which multiplies the luminance signal
supplied thereto by a minus one-half (—3%). An output
signal of delay circuit 2 is supplied to an adding circuit
4. An output signal of delay circuit 3 is supplied to a
second multiplying circuit 6 which also multiplies the
signals supplied thereto by minus one-half (—3). An
output signal from multiplying circuit 6 is supplied to
adding circuit 4. When a video signal which is displayed
as a vertical line with a significant change in the level or
brightness thereof between two points is supplied to
input terminal 1, adding circuit 4 generates a video
signal corresponding to the vertical line and having a
preshoot or undershoot (where the level is decreased,
or under-emphasized) and an overshoot (where the
level 1s increased, or over-emphasized) in the level of
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the signal before and after the change. It i1s to be appre-

ciated that the two points between which the level or

brightness changes are positioned on adjacent horizon-
tal scanning lines. The output signal from adding circuit
4 is supplied to an attenuator 7 which attenuates the
signal and supplies it to a second adding circuit 8. The

output signal from delay circuit 2 is also supplied to
adding circuit 8. Adding circuit 8 supplies an output
signal 1n response to the aforesaid input signals to an

output terminal 9. The high frequency components of a
video signal are accordingly emphasized in a vertical
direction.

FIG. 2a 1s a representation for an interlace television
receiver of the level of a portion of a waveform of a
video signal which is displayed as a vertical line having
a significant change in the level thereof between two
points. In FIGS. 2a to 24, the O marks indicate the
video signal in the odd field, while the X marks indicate
the video signal in the even field. If the video signal of
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FIG. 2a 1s supplied to the circuit of FIG. 1, the video 20

signal corresponding to the odd field is illustrated in
FIG. 2b. The video signal for the even field 1s illustrated
in FIG. 2c. When the signals for both even and odd
fields from the circuit of FIG. 1 are displayed together,
as illustrated in FIG. 24, the preshoot and the overshoot
appear on two horizontal scanning lines. It is preferable,
however, that each preshoot and each overshoot appear
on one hine for maximum picture sharpness.

A circutt for converting an interlace television signal
to a non-interlace television signal 1s illustrated 1n FIG.
3 and includes an mput terminal 10 supplied with the
input video signal. Input terminal 10 is coupled to a pair
of random access memories (RAMs) 11, 12, each for
storing the scanning line signals corresponding to one
horizontal pertod. A synchronizing signal separating
circuit 13 supplies a horizontal synchronizing signal
separated from the television picture signal to a clock
signal generating circuit 14 which generates a write
clock signal having a timing corresponding to the hori-
zontal period and a read clock signal having a fre-
quency twice the frequency of the write clock signal.
The read and write clock signals are supplied to RAMs
11, 12 through switches 15, 16. The horizontal synchro-
nizing signal from synchronizing signal separating cir-
cuit 13 is supplied to a frequency dividing circuit 17.
Switches 15, 16 change in position in response to an
output signal from f{requency dividing circuit 17
whereby switches 15, 16 alternately select RAMs 11,
12.

As tllustrated in FIGS. 44 to 4¢, the write clock signal
1s alternately supplied to each of RAMSs 11, 12 during
every other horizontal period so that a video signal
corresponding to each horizontal period is written
therein. During the alternating horizontal period, the
read clock signal is supplied to the other one of RAMs
11, 12 and the video signal stored therein during the
preceding horizontal period is read out twice. The sig-
nals thus read out are supplied through a switching
circuit 18 to an output terminal 19. Switching circuit 18
1s operated in response to a signal from frequency divid-
ing circuit 17. Thus, two video signals are supplied to
output terminal 19 during one horizontal period.

In order accurately to display the television picture
on a cathode ray tube of a television receiver in accord
with the present invention, the horizontal synchroniz-
ing stgnal from synchronizing signal separating circuit
13 1s doubled and supplied to the horizontal and vertical
detlecting circuits for the cathode ray tube. As illus-
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4

trated in FIG. 5, two fields of scanned lines are dis-
played without interlacing in response to an interlace
television signal supplied to a television receiver in
accord with the present invention.

FIG. 6 illustrates one embodiment of a double-scan-

ning non-interlace television receiver having a vertical

aperture correction circuit in accord with the present
invention. Antenna 20 receives an interlace television
signal which 1s supplied to a tuner 21, an intermediate

frequency amplifier circuit 22, and a video detecting
circuit 23. An interlace video signal from video detect-
ing circuit 23 is supplied to a non-interlace converting
circuit 24 where it 1s converted to a non-interlace video
signal as described above with reference to FIG. 3. The
non-interlace video signal 1s supplied to a chroma and
luminance signal separating circuit 25 which generates a
chroma signal and a luminance signal in response
thereto. The chroma signal from chroma and luminance
signal separating circuit 25 1s supplied to a chroma de-
modulating circuit 26 in which two color difference
signals R-Y, B-Y are demodulated and then supplied to
a matrix circuit 27. The luminance signal from chroma
and luminance signal separating circuit 25 1s supplied to
a high frequency emphasizing circuit 28 in accord with
the circuit of FIG. 1. High frequency emphasizing cir-
cuit 28 supplies an output signal to matrix circuit 27,
which is then supplied to a cathode ray tube (CRT) 29.

The video signal from video detecting circuit 23 is
also supplied to a sync signal separating circuit 30
which separates a vertical synchronizing signal and a
horizontal synchronizing signal therefrom. The vertical
synchronizing signal from sync signal separating circuit
30 is supplied to a vertical deflecting circuit 31 associt-
ated with a deflecting coil 32 of CRT 29. The horizontal
synchronizing signal from sync signal separating circuit
30 1s supplied to a multiplying circuit or a multiplier 33
which, in the illustrated embodiment, doubles the fre-
quency of the horizontal synchronizing signal. The
doubled horizontal synchronizing signal from multiplier
33 is supplied to a horizontal deflecting circuit 34 asso-
ciated with deflecting coil 32. Thus, the horizontal de-
flection of the picture signal displayed on the television
receiver of FIG. 6 occurs twice as fast as the deflection
in a conventional television recelver.

FIG. 7a 1s a representation for an interlace television
receiver of the level of a portion of a waveform of a
video signal corresponding to a displayed vertical line
having a significant change in the level thereof between
two points. As described before, the two points are
positioned on adjacent horizontal scanning lines. As in
FIGS. 2a to 2d, the O marks indicate the video signal of
the odd field, and the X marks indicate the video signal
of the even field. The luminance components of the
scanning line signals are supplied to high frequency
emphasizing circuit 28 to generate the video signals
with the preshoots and overshoots as indicated in FIGS.
76 and 7c¢ in the broken O marks and the broken X
marks. When the two signals of FIGS. 76 and 7c¢ are
supplied for display on CRT 29 mn accord with the
present mvention, the result is illustrated in FIG. 7d.
When the signal levels from the even and odd fields do
not coincide, the time integrating effect of human vision
interprets the two signals as the mean or average level
of the two signals. Accordingly, the picture is displayed
as indicated 1n the solid line, with each preshoot and
overshoot appearing on one line.

The magnitude of the preshoot and the overshoot
applied to the input video signal can be determined by
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suitable modifications to the circuit of FIG. 1. Accord-
ingly, a picture signal with improved sharpness can be
displayed since each preshoot and overshoot is placed
on one line.

In an alternate embodiment of the television receiver
of FIG. 6, non-interlace converting circuit 24 can be
connected between chroma and luminance signal sepa-
rating circutt 25, chroma demodulating circuit 26 and
high frequency emphasizing circuit 28. Non-interlace
converting circuit 24 can also be connected to two
color difference signal circuits positioned between
chroma demodulating circuit 26 and matrix circuit 27.

Yet another embodiment of a double-scanning non-
interlace television receiver with an aperture correction
circuit 1s illustrated in FIG. 8 and includes many of the
same components as the embodiment of FIG. 6. How-
ever, a chroma signal non-interlace converting circuit
24¢ 1s connected between chroma and luminance signal
separating circuit 25 and chroma demodulating circuit
26. A luminance signal non-interlace converting circuit
24y 1s connected between high frequency emphasizing
circuit 28 and matrix circuit 27. The remaining compo-
nents of FIG. 8 operate as discussed with reference to

FIG. 6, and will not be repeated here for the sake of

brevity.

If a video signal corresponding to a displayed vertical
line with a significant change in the level or brightness
thereof between two points as illustrated in FIG. 9a is
supplied to the circuit of FIG. 8, high frequency empha-
sizing circuit 28 produces the signals with preshoots and
overshoots indicated in FIGS. 95 and 9¢. As discussed
above, the O marks indicate the video signal of the odd
field and the X marks indicate the video signal of the
even field. When the video signals associated with the
lines of FIGS. 96 and 9c¢ are supplied to non-interlace
converting circuit 24y, the interlace scanning line sig-
nals generated thereby are displayed as indicated in
FIGS. 95 and 9c in the broken O’s and the broken X’s.
FIG. 94 illustrates the display on CRT 29 of the video
signals associated with FIGS. 95 and 9¢. Accordingly,
the video signal is displayed as indicated by the solid
line, with each preshoot and each overshoot on one line.

In an alternate embodiment of the television receiver
of FIG. 8, non-interlace converting circuit 24¢ can be
connected to two color difference signal circuits posi-
tioned between chroma demodulating circuit 26 and
matrix circuit 27. In still a further embodiment, non-
interlace converting circuits 24¢, 24y can be replaced
with a non-interlace converting circuit which receives
the three interlace color signals generated by matrix
circuit 27 and supplies three non-interlace color signals
to CRT 29.

Although specific embodiments of the present inven-
tion have been described in detail herein with reference
to the accompanying drawings, it is to be understood
that the invention is not limited to those precise embodi-
ments, and that various changes and modifications may
be effected therein by one skilled in the art without
departing from the spirit and scope of the invention as
defined in the appended claims.

What is claimed is:

1. A double-scanning non-interlace television re-
ceiver for receiving an interlace television signal having
alternating odd and even fields of scanned lines which
are normally interlaced, as displayed, comprising:

receiver means for receiving said interlace television

signal and generating interlace scanning line signals
from each said field;

d

10

15

20

25

30

35

40

45

50

35

60

65

6

visual display means;

non-mterlace converting means for converting said
interlace scanning line signals for each of said fields
to non-interlace scanning line signals which are
displayed on said visual display means, with each
of said scanned lines being scanned twice; and

emphasizing means for emphasizing the high fre-

quency components of said non-interlace scanning
line signals.

2. The television receiver of claim 1. wherein said
emphasizing means comprises:

first dividing means for generating first divided out-

put signals in response to said interlace scanning
line signals;

first delay means for generating first delayed output

signals in response to said interlace scanning line
signals;

second delay means for generating second delayed

output signals in response to said first delayed out-
put signals;

second dividing means for generating second divided

output signals in response to said second delayed
output signals;

first summing means for generating first summed

signals in response to said first divided output sig-
nals, said first delayed output signals, and said sec-
ond divided output signals;

attenuator means for generating attenuated output

signals in response to said first summed signals; and
seccond summing means for generating second

summed signals in response to said first delayed

output signals and said attenuated output signals.

3. The television receiver of claim 2; wherein said
tirst delay means delays said interlace scanning line
signals by a first predetermined amount and said second
delay means delays said first delayed output signals by a
second predetermined amount.

4. The television receiver of claim 3, in which said
interlace scanning line signals have a horizontal period;
and wherein said first and second predetermined
amounts are one said horizontal period.

5. The television receiver of claim 1, in which said
scanning line signals include chroma and luminance
signals; and further comprising separating means con-
nected between said non-interlace converting means
and said emphasizing means for separating said chroma
signals and said luminance signals from said non-inter-
lace scanning line signals and for supplying said lumi-
nance signals to said emphasizing means.

6. The television receiver of claim 5: and further
comprising chroma demodulating means connected
between said separating means and said visual display
means for demodulating said chroma signals separated
by said separating means.

7. The television receiver of claim 6; wherein said
visual display means includes matrix means connected
to said chroma demodulating means and said emphasiz-
INg means.

8. The television receiver of claim 1; wherein said
recelver means COmprises:

tuner means for tuning said interlace television signal;

mtermediate frequency amplifying means connected

to said tuner means; and

video detecting means connected to said intermediate

frequency amplifying means.

9. The television receiver of claim 1; wherein said
visual display means includes a cathode ray tube.



4,524,379

7

-10. The television receiver of claim 1, in which said
interlace television signal has vertical and horizontal
sync signals with vertical and horizontal frequencies;
and further comprising:

sync separating means for separating said sync signals

from said interlace television signal;
vertical deflecting means for driving said visual dis-
play means in response to said vertical sync signals;

frequency multiplier means for multiplying said hori-
zontal frequency of said horizontal sync signals;
and

horizontal deflecting means for driving satd visual

display means in response to said horizontal sync
signals multiplied by said frequency multiplier
means.

11. The television recetver of claim 10; wherein said
frequency multiplier means doubles said frequency of
said horizontal sync signals.

12. A double-scanning non-interlace television re-
ceiver for receiving an interlace television signal having
alternating odd and even fields of scanned Iines which
are normally interlaced, as displayed, comprising:

receiver means for recetving said interlace television

signal and generating interlace scanning line signals
from each said tield;
visual display means;
emphasizing means for emphasizing the high fre-
quency components of said interlace scanning line
signals to generate emphasized interlace scanning
Iine signals; and

non-interlace converting means for converting said
emphasized interlace scanning line signals for each
of said fields to non-interlace scanning line signals
which are displayed on said visual display means,
with each of said scanned lines being scanned
twice; |

said emphasizing means being connected between

sald receiver means and said non-interlace convert-
Ing means.

13. The television receiver of claim 12, in which said
scanning line signals include chroma and luminance
signals; and further comprising separating means con-
nected to said receiver means for separating said
chroma signals and said luminance signals from said
interlace scanning line signals and for supplying said
lummmance signals to said emphasizing means.

14. The television receiver of claim 13; and further
comprising chroma signal non-interlace converting
means for generating non-interlace chroma signals in
response to said chroma signals from said separating
means and for supplying said non-interlace chroma
signals to said visual display means for display by the
latter.

15. The television receiver of claim 14; and further
comprising chroma demodulating means connected
between said chroma signal non-interlace converting
means and said visual display means for generating
color difference signals in response to said non-interlace
chroma signals.

16. The television receiver of claim 15; wherein said
visual display means inciudes matrix means connected
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to said chroma demodulating means and said non-inter-

lace converting means.
17. The television receiver of claim 12; wherein said
emphasizing means comprises:
first dividing means for generating first divided out-
put signals in response to said interlace scanning

line signals;
first delay means for generating first delayed output

signals in response to said interlace scanning line
signals;

second delay means for generating second delayed

output signals in response to said first delayed out-
put signals;

second dividing means for generating second divided

output signals in response to said second delayed
output signals;

first summing means for generating first summed

signals in response to said first divided output sig-
nals, said first delayed output signals, and said sec-
ond divided output signals;

attenuator means for generating attenuated output

signals in response to said first summed signals; and
second summing means for generating second

summed signals in response to said first delayed

output signals and said attenuated output signals.

18. The television receiver of claim 17; wherein said
first delay means delays said interlace scanning line
signals by a first predetermined amount and said second
delay means delays said first delayed output signals by a
second predetermined amount.

19. The television receiver of claim 18, in which said
interlace scanning line signals have a horizontal period;
and wherein said first and second predetermined
amounts are one said horizontal period.

20. The television recetver of claim 12; wherein said
recelver means Comprises:

tuner means for tuning said interlace television signal;

intermediate frequency amplifying means connected

to said tuner means; and

video detecting means connected to said intermediate

frequency amplifying means.

21. The television receiver of claim 12; wherein said
visual display means includes a cathode ray tube.

22. The television receiver of claim 12, in which said
interlace television signal has vertical and horizontal
sync signals with vertical and horizontal frequencies;
and further comprising:

sync separation means for separating said sync signals

from said interlace television signal;
vertical deflecting means for driving said visual dis-
play means in response to said vertical sync signals;

frequency multiplier means for multiplying said hori-
zontal frequency of said horizontal sync signals;
and

horizontal deflecting means for driving said visual

display means in response to said horizontal sync
signal multiplied by said frequency multiplier
means.

23. The television receiver of claim 22; wherein said
frequency multiplier means doubles said frequency of

sald horizontal sync signals.
% E k * *
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